A Fortran Program For Calculating
The Equivalent Source Strength For The
Class I and 1I Flextensional Underwater

Acoustic Transducer Designs

Jack N. Boone
Department of Mechanical and Aerospace Engineering
Center For Acoustical Studies
North Carclina State University
Raleigh, North Carclina

Larry H. Royster
Department of Mechanical and Aerospace Engineering
Center For Acoustical Studies
North Carolina State University
Raleigh, North Carolina

. oma

Office of Naval Research
Contract No. Nonr 486(11) - ' SR
Technical Report No. 3 ' .
April 1969 ' oI

s PR

Retzeovhees s by ol
CLEARINGHOUSE
for fedral Soenth: & Tegn

Intormaticn Searghoc vy, F.’i.!'..i




TABLE OF CONTLENTS

ABSTRACT

ACRNUWLEDGEMEN'T

IENTRODUCTION

PROGRAYM UTILTZALTON
INPUT DATA
PRINT-OUT DATA

FINAL REMARKS

REFERENCES . . . . . . .

APPENCIX A - LISTING OF THE
FORTRAN PROGRAM . . .+ « .

APPENDIX B - LISTING OF A TYPLCAL
OUTPUT DATA SET . . . .

(2)

9-10

11-12

13

14

24




___________”

ABSTRACT
A Fortran program is presented which computes a normalized equivalent
source strength for the Class I and approximates the Class II Flextentional
Underwater Acoustic Transducer Shells. The program utilization, the input

data and the output data formats are described in detail.
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INTRODUCTION

This report describes a Fortran program of an equivalent source strength

model for the Class I and II (Reference 1) Flextensional Underwater Acoustic

Transducer Shells. Pictures of these two shell configurations are shown in

Figures 1 and 2.

An approximate analytical model for the Class I type of shell design
has been developed (References 2 and 3. The math model described in Refer-
ences 2 and 3 utilizes a numerical model in order to obtain the near- and
far-field acoustic pressures for a specified displacement on the shell and
associated frequency of radiation. This model is sufficient for engineering
applications up through the fundamental mode of vibration provided that a
so-called forbidden frequency iIs not encountered (Reference 4).

It is not uncommon for the effective ka of a flextensional shell to
be less than one thus yielding a relatively omni-directional far-field
radiation pattern. If for such design situations an equivalent source
strength model was available, an approximation to the far-field pressures
at a defined frequency and shell displacement would be possible. In addition,
the equivalent source strength model would be more economical to utilize,

computer cost, etc., and would yield important preliminary design information.
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FIGURE 1




FIGURE 2




PROGRAM UTLLLZATION

For a glven transducer having the general configuration depicted in Fig-
ure 3, all geometric quantities pevtinent to the solution of the free
vibration eigenvalue preblem and the computation of the source strength
may be determined by specifying any onc of several dimensionless parameters
an!! the opening angle, :u' The parameters L/D and 00 are the independent
variables in the accompanying FORTRAN program; L/D being selected since it
is also relevant with respect to the size of the piezoelectric stack re-
quired to drive the transducer.

The solution of the appruximate dynamic model involves computing the
first eigenvalue and eigenvector of a 2% NP-2 square marrix, where NP is
the number of control points input for generation of the disérete system
equations of motion. 1t is suggested that, for best numerical results,

NP should lie in the range 10 : NP < 15.

The units used are immaterial since all input - output quantities

are dimensionless ratios with the exception of the opening angle which is

in degrees.
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Figure 3 - Transducer
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INPUT DATA

On the first dara card enter NN, the number of cases to be run con-

secutively. NN is input in FORMAT (12).

Un each foliowing card enter the quantities 1VC,NP, IAL, [AU, iNC, RK,

and RATIO in FORMAT (T), 12, 313, 2r4.1).

IVC controls the printout of the componeuts of the eigenvector normal
ro the surface ot vhe rransducer and the normalized radiacting areas. ‘These
vectocs are printed out only if IVC is entered as a non zero positive
quantity.

NP is the number of control points to be defined on one half of a
typical transducer element for the discrete system dynamic model.

IAL, IaU, and INC correspond to the first opening angle, the last
opening angle, and the opening angle increment, respectively, desired in
the output for a given RATIO. These quantities have units of degrees.

RK is the ratio of the radius ol curvature of a typical transducer
element to the radius of gyration ot a typical element section as measured
at the guided end. The dynamic model is insensitive to this parameter for
RK - 20. RK ts normally 1input as any large positive number for thin transducer

elements. RATIO = L/D.

PRINT-OUT DATA

The input quantities RATIO and NP appear as header information for each
case. The output quantities TUETA, RADIUS/LENCGTH, HEIGHT/LENGTH, Dis@?L.
RATIO, WIDTH RATIC, WIDTH FACTOR, COEFFICIENT AND NORM. SOURCE STR. are
printed out for each opening angle where:

THETA = 8

0
RADIUS/LENGTH = R/L
HEIGHT/LENGTH = H/L
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DISPL. RATIO is the ratio of the displacement méasured aﬁ~the center

T

of the circular arc formed by a typizal transducer element t fthé corresponding
horizontal displacement ol the guided end.
WLETH RATIO is the ratio of the width of a typical element as measured

at the center of of circular arc to the width of the element as measured at

the guided end.

.

W1DTH FACTUR = éiement width at center of arc/(l/2 arc length of element
* sin (PL/N)), where N is the number of transducer eiementé."-f

COEFFICIENT is the frequency coefficient i.e. that number which, when
multiplied by SQR& (E*¥I/m)/(L*L), vields the natural freduency in rad./sec.
where E 1s the modulus of elasticity, I and m are the area mgmeht of inertia
‘and mass per unit length of a typical element as measured at the guided end,
and L is as shown in Figure 3.

NORM. SOLRCE STR is the source strength of the transdqu: normalized
with respect to ((PI*D)**2)%p* DELTA where F 1s the frequency of excitation
in cycles/sec., DELTA 1s the displacement amplitude of the guidéd'end, and D is
as in Figure 3.  Negative values of this quantity indicate éﬁét the net
volume displacement 1s negative when the ends of the transducer are displaced
in such a manner that tne transducer is elongated.

If IVC ~ 0, the vectors NORMAL VECTOR and NORMALIZED AREAS are also
printed out. NORMAL VECTOR i1s ithe vector of eigenvector componénts normal
to the transducer surface normalized with respect to ii.e eigenvector component
at the guided end. NORMALIZED ARFAS is the vector of radiating areas associated

with the discrete system control points normalized with respect to the area

of the circular end section.
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light of the intended use for the model described herein the above variation
is acceptable. 1n addition, since 1t is entirely possible to design a
flextensional transducer (for ka ) with Q 0, this program should be

s

utilized eacly 1n the design process in order to elimate this type of

desipgn error.
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APPENDIX A

LListing of the Fortran Program
I

TH1S PROGRAM COMPUTES THE SOURCE STRENGTH, FREQUENCY COEFFICIENT,
AND A NUMZER OF GEOMETRIC PARAMETERS FOR A CLASS OF FLEXTENSIONAL
ACOUSTIC TRANSZDUCERS COMPOSED OF AN ARRAY OF TAPERED CURVED BEAMS
(CIRCULAR ARCS) FORMING A SURFACE OF REVOLUTION AND EXHIBITING
SHORT CYLINDRICAL END SECTIONS

USACE- THE FOLLOWINC PARAMETERS MUST APPEAR ON THE DATA CARD
FOR EACE CASE- TVC, NP, IAL, TAU, INC, RK, RATIO

DESCRIPT!ION Cf INPUT PARAMETERS

NN=NUM3ERS OF DATA SETS

TVC=1 IF A PRINTOUT OF THE NORMALIZED AREAS AND NORMALIZED NORMAL
VECTORS 1S DRSITRED(THE TANGENTIAL COMPONENTS OF THE EIGENVECTOR ARE
DESTROYED TN THE NORMALIZATION), IVC=0 OTHERWISE

NP=THE NUMBER CF CONTROL POINTS IN HALF OF THE BEAM

TAL=FTRST OPENING ANGLE DESIRED IN THE OUTPUT

TAU=LAST CPENINC ANGLE DESIRED IN THE OUTPUT

TNC=0PENING ANGLE INCREMENT

RX=BFAM FADTUS/RADIUS OF GYRATION OF A TYPCIAL ELEMENT EVALUATED
AT THE GUIDED END

RATI0=CHORD SUBTENDED BY THE OPENING ANGLE/DIAMETER OF CYLINDRICAL
END SECTION AT THE GUIDED END

DESCRTPTION OF OUTPIUT PARAMETERS

THETA=OPENTNG ANCLE SUBTENDED BY A TYPICAL ELEMENT OF THE ARRAY
RADTUS/TLENGTH=BEAM RADIUS/CHORD LENGTH
HEIGHT/LENGTH=TRANSDUCER HEIGHT/CHORD LENGTH
DISPL. RATIO=RATTC OF NORMAL DISPLACEMENT AT THE BEAM CENTER TO THE
DISPLACEMENT OF THE GUTDED END
WIDTH RATTO=RATIC OF BEAM WIDTH AT THE CENTER OF THE BEAM TO THE
BEAM WIDTH AT THE CUIDED END
WIDTH FACTOR=MAXIMUM BEAM WIDTH/ (ARC LENCTH CF HALF BEAM*S IN(PI/
1N)),N=NUMBER OF BEAMS IN THE ARRAY
CCEFFICTENT=FREQUENCY COEFFICIENT
NORM, SCURCE STR.=SOVRCE STRENGTH/(((PI*D)**2)*F*DEL TA), D=END
DIAMETER, F=FPEQUENCY IN CY./SEC., DELTA=DISPLACEMENT OF GUIDED END
NORMAT, VECTOR=NOPMAL EIGENVECTOR COMPONENTS NORMALIZED ON THE
DISPLACEMENT OF THE GUIDED END
NORMALIZED AKEAS=RADIATING AREAS ASSOCIATED WITH EACH DISCRETE CONTROL
POINT NORMALIZED WITH RESPECT TO THE AREA OF THE CYLINDRICAL END



MATR (zeatinued)

DIMENSTON A(ﬁﬂ.ﬁﬁﬁ‘V“(FH),kW(cﬁﬁ.RI(RO).RN(EU},RS(BO)
COMMON N.M, MODE, A,V e
PI=3. 1475037 -
M=1
MUDE=]

READ(C] ,102)YNN

102 FORMATOTEY

DC 1 RR=1 NN

READ(L, 103
103 FORA\T( 1,
N=2%WNP=2
WR"E(3.1ﬂO\RAT}O,NP
100 FORMAT('1'///7///47X, '"LENCGTE/END DIA.-'F7.4/47X,'NO. OF CONTROL PTS
1. IN UHATF BEAM='T2////8X,'THETA',3X, 'RADIUS/LENGTH',3X, 'HEIGHT/LEN
26TH',3%. ' DISPL, RATIO!,3X, 'WIDTH RATIO',23X,'WIDTH FACTOR',3X, 'COEF
3FTLI:NT L3N, MIORM, SCURCE STR. ')
DO 1 LA=TAL, TALINC
OA=LAMPT/180.
BRESINCGNA/ 2, )/RATIO
CALL COTFF(N,NP,0A,KR,ST,PHI,RM,RI,RN,RS)
CALY, STIFF(N, V:,R\,.L.PHI,A,RM,RI,RN)
CALL GIVENS
VU(1)=SQRT(VN() Y *COS(PNT/ 2. ) (S IN(OA/Z,)%*2}/ (STN(PHI/2.)**2)
DO 2 I=1,K
ACT,1)=A(T,1)/SORT(RM(T)
2 CONTINIE
QSE=ACT, 1) /ARSCALT, 1)
DO 3 1=7.N,2
K=1/2+1 .
Q3N-QSIHALT, IV¥RS(E) /ABS(A(1,1))
3 CONTINUE
TRA(1.10)4.54.5
QS¥N == (5N
RL=1. /(-.'9"’0A/2.)\
THL=(RR+1.=COS(DA/ 2.3/ STNVCA/ 2.)
DR=A(N,1)/A(1, 1)
WR=RT (N?)
WF=b, (1, =C03(0A/ 2. ) STN{OA/ 2. ) /RATTO)/0A
OA=0CA*1RY, /P1
WRITE(3.101)0A RL,THL , DR, WR,WF,VU/{1), st
101 FORMAT!// FlJ.l 2E16.6, nxb J,Bl“.-,Els 5,Ei4,5,E18.6)
IP(IVC) 1
IP(A(l,I)\7 7
A(1,1)==-A(1,1
PO 9-1=2.N,2
AT, 1)==A(T.1)

VG, NP, rq“’LAU,INC.Rﬁ,RATIO
"

\ 4
12,213,274 1)

wv &

41

8

~ O\

.
)
/
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CONTINUE

DO 10 T=2,N,2
K=T/2+1

AKX, 1D)=A(T,1)7A(1,1)
CONTINUE

A(l,1)=1.
WRITE(3,104}

FURMAT(/ /34X, 'NORMAL

MATIi: (continued)

VECTOR',34X, '"NORMALIZED AREAS'//)

WRITE{3,105)(A(T,1),RS(I),I=1,NP)
FORMAT(35X,E12,5,36X,E12.5)

CONTINUL
END

(16)




COEYF

SUBROUTINE COEFF(N,NP,0A,RR,SI,PHI,RM,RI,RN,RS) =
DIMENSION RM(60) RI(BO) RN(so) RS(BO)

P1=3.1415927

Sl=(PI-0A)/2.

PHI=0A/ (2.% (NP-1.))

0A2=0A/2.

PHI2=PHL/2.

D=COS (0A/2.)-RR

RI(1)=1.

RN(])‘-l. RS(].)'—'l

DO 1 J=2,NP

RI(J)=(COS(0AZ-(J-1.)*PHI)-D)/RR
RN(J)=2.%RL(J)*RL(J~-1)/(RI(J)+RI(J-1))

RS (J)=2.%(2.%*SIN(PHI2)*COS(0A2-(J=1.)*PHI)~ D*PHI)/(RR>RR)
CONTINUE

RS(2)=2,%(2.*%SIN(3.*PHI/4. )*COS(OA/2 ~3.%PHI/4.)-D*3.%PHI/2.)/ (RR*
1RR)

RS(NP)=2, * (SIN(PHI2)-D*PUI2)/ (RR*RR)

RM(1)=1.

RM(N)=RI(NP)/2.

M=N-2

DO 2 J=2,M,2

RM(J)=RI{J/2+1)

RM(J+1)=RM(J)

CONTINUE

RETURN

END

(1.7)



STIFF

SUBROUTINE SUIEF(N,NP RK,SI,PHL,A,RM,RI RN)
DIMENSION A(50,60) kM(GO) RV(30) RI(30)
C=SIN(PH1/2. )/LOS(PHI’Z )
C2=SIN(SI)/COS(SI)

P= (2. *RKXSIN(PHI/2,)) **2

DO 1 I=1,N
DO 1 J=} N
AC1, 1)=0.0
CONTINUE '
AU Y= ((CR (G102 sRNC2) D= (2 +RI(2))* (C*C2-1. ))*COS(SI)+((C+C2*RN

FC2) 4P+ (2. +RI(2IVRC*{C*C2~1, )Y *SIN(ST) ) *COS(ST)
A(1,2)=(Cx(CH+C2) *RN(2)*P+2 , % (1.+RI1(2))*(C*C2-1. ))*COS(SI)
A(L,3)=((C+C2)*RN(2)* P=2 . *C* (C*C2-~1.))*COS(SI)
A(1,4)==RI(2)*(C*C2-1.)*COS(SI)
A(1,5)=RI(2)*C*(C*C2-1,)*COS(S1)
A(2,2)=(RN{2)+RN{3) ) *P*C*C+2.+4 . #RI(2)+RI1(3)
AC2,3)=C*((RN(2)-RN(3))#P=2,+RI{3))

A(2,4) RN (3 %pxCxC=2, % (RT(2)+RL(3))

A(2,5)=C*(RN(3)*P+2.%R1 (2))

A(2,6)=RI(3)

M2,0)==RL(3)*C
A(3,3)=(RN(2)-+RN(3))*P+(2.+RI(3)) *C*C
AC3,8)==C*(RN(3) %P2, 4RI (3))
AC3,5)==RN(3)*p

A(3,6)=RT(3)*C

A3, 7)==RL{3)*CC
K1=N~-4
K2aN-3
K3=N-2
K4=N-1
J1=Np-3
J2=Np-2
J3=NpP-1
A(KL,K1)=(RN{J2)+RN(J3)) *P*C*C+RI(J1)+4 *RI(J2)+RI(J3)
A(K1, k2) CR((RN(J2)=~RN(J3))*P-R1(J1)+RI(JI3))
A(KL,K3)=RN(J3)*DP*C*C=2.*(RI(J2)+RI(J3))

A(X1,K4)=C*(RN(J3)*P4+2.%RI(J2))

A(K1,N)=RI(J3)
ACK2,K2)=(RN(J2)+RN(J3))*P+(RT(JL)+KL(JI3) ) *C*C
A(K2,K3)==C*(RN(J3)*P+2,%RI(J3))

A(K2,K4)=~RN(J3)*P

A(KZ,N) sRL(J3)*C '
A(K3,K3)=(RN(J3)+RN(NP) ) *P*C*C+RL(J2) +4 . *¥RL(J3)+2. *RI(NP)
A(K3,K4)=C* ((RN(J3)=RN(NP) ) *P-R1(J2)+2.*RI(NP))
A(K3,N)=RN(NP)*P*C#*C~2 ,*RL(J3)+RI(NP))

A(K4 ,K4)=(RN(J3)+RN(NP) ) *P+(RI(J2)+2. *RI(NP) ) *C*C

A (N, N)=RN(NP) ¥P*C*C+R1(J3)+2. *R:(pr*\{}(ka N)--C*(RN(NP)*P+2 *RI(NP){)

JM=N-6
DO 2 =4, 13,2
DO 2 J=4,JM,2

tF(1-3)2,3,2

(18)



SIIFF{continue

3 K=I/2+1 ’
A(L,J)=(RN(K)tRN(K+1))Y*PR*CHC+RT (K=2)+4 . %
A(I,J+1)=C* ((RN(K)=RN(K+1))*P-RI(K~1)+R1
A(T,J+#2)=RN(K+1)*P*C*(;=2,% (RI (K)+RI (K+1)
A(T,J+3)=C* (RN(K+1)*P+2.*RI(K))

A(I,J+4)=RI(K+1)
A(L,J+5)==RI(K+1)*C
M=1+1

L=J+1

AM,L)=(RN(K) +RN{K+1)) 4P+ (RI(K-1)+RI (K+1
A(M,L+1)==C* (RN(K+1)*P+2 . *PL(K+1))
A(M,L+2)=~RN(K+1) *p

A(M,14+3)=RI(K+1)*C

A(M,L+4)=-RI(K+1) *C*C

2 CONTINUE

DO 4 1=1,N
DO 4 J=1,N
AW, D) =A(L, )
4 CONTINUE
DO 5 I=1,N
DO 5 J=1,N
A(I,3)=A(1,J)/SQRE(RM(I)*RM(.1))
5 CONTINUE |
RETURN
END

(19)
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CTVENS

SUBRGUT INE, GIVENS

DIMENSTON 4(60,60) ,B(60,60),DIAC(60) VU(60) VL(GO) snyso),
10160, 5160) ,€(60) ,D(60) , IND(60) ,U(60) '
COMMON N .M. HUDF A, VU

O'an LNCE (P, PRODS) , (TAU,BETA) , (T,SMALLD), (II,MATCH) (VL(1) ,D(1)
(1), S0

CALTINLATE NGRM OF MATRIX

ANORM -,
DO =g N
SD1)=0,
DO U J=1,N
I ANORM-ANORMFA (L ,J)*A(1,J)
S RMETSORY (ARNGRM)

GENLRATE IDENTTTY MATRIX

LEAD 1000, 11,1000
1000 DO 7 1=L,N
- DO Z J=1.N
IF(1+J)6,1001,6
1001 B(1,J)=1.
GO TO 7
6 B(l J)=0..
7 CONTINUE

o] ;
PERFORM ROTATIONS TO REDUCE ATRIX TO JACOBL FORM

1l NN=N-2
iF(MN)100,21,100)
1003 DO 15 1=1,NN
1l=14-2
DO 15 I=1I.,N
Ti=A(I,+1)
' TZRA\!,J)
TECT2)1004,15,1004
1004 CALL ROTATE(T!,T2,Siv,CSN)
DO 12 K={,N
T2=CSN«A(K,i+1)+SN*A(K,T)
ACK,J)=CIN%A(K,J) - SN*A(K, 1+1)
12 ACK, 1+1)=T12
DO 13 K-f.N
T2=CSNACT+1 ,R)Y+SN*A(J ,K)
ACS K)=CSN*A(T K)«SN*A(T+1,K)
13 ACL+1,K)=T2
'F(“)‘UQ'},‘S.IOOS
1005 v 4 K=t N
T2=(8N (K, 11 1))4-S N*B(K J)

(20)




GIVENS (continued)

B(K,J)=CSN*B(K,J)~SN#B(K, I+1)
14 B(K,1+1)=T -
15 CONTINUE -

c MOVE JACOB! ELEMENTS AND INITIALIZE EIGENVALUE BOUNDS .

21 DG 22 1=1,N
NIAG(1)=A(1,T)
VU(T)=ANCRM

22 VL(1)=-ANORM
DO 23 1=2,N
SD(I-1)=A(1~1,1

23 Q(1-1)=SD(1-1)%SD(1-1)

c DETERMINE SICNS OF PRINCIPAL MINORS

TAU=0,
I=1
35 MATCH=0
T2=0.
Ti=1l.
DO 25 J=1,N
P=DIAG(JS) -TAU
IF(T2)100/7,27,1007
1007 IF(T1)1008,28,1008
1008 T=pP*T1-Q(J-1)*T2
GO 7O 29
27 TP(T1)1299,30,30
1009 Tl=-1i.
T=ep
GO TO 29
.30 T1=1,
T=p
GO TO 29
28 1F(G(J-1))1010,30,1010
1010 (F¢T2)31,1011,1011
1011 T=-1,
GO TN 29
31 T=1,

c COUNT AGREFMENTS IN SIGN

29 IF(T1)32,1012,1012
1012 IF(T)24,33.33
32 TF(T)32,3%,34

33 MATCH=MATCH+1

34 T2=T1/ABS(T1)

26 T1=T/ABS(T1)

(21)



1014
1015

42
1018
¢l
45
1016
1017
43

1019
44

51
1020
1022
1021

52
1029
1023

1024
54

1025

57

56

1026

1027

GIVENS (continued)

ESTABLISN TICHTER BOUNDS ON EIGENVALUES

DO &'t K= MODE
IF(K-N+MATCH) 1014 ,1014,42
IF(VII{R)~TAU)SL1,41,1015

VU(RI=TAY

GO 70 1 )

TF(VL(K) -TAUY1018,41.,41

VLK) =TAU

CONT INUE

IF(VG(I) “VL{i)+3.E~6)43,43,1016
IFCVU(L3)Y 1017 ,44,1017
L\*\BH\L{H;VU! I) -1.)-5.E=6)43, 43 &4
l=1+1

TF{1-40DE)1019,1019,51

GO 10 45
TAUSOVLLD)HVU(LY)
GO 19 35
1?(%)'00 100,1020

LF{M-MODE) 1021 ,1021, 1022

M=MODE ‘

DO 52 1=1,N

DC 52 J=1,N

A(1.,3)=0.

DO 53 L=1.M

IF{1-1)1029,54,1029

1F (VU1 -VUCT=1)=5.E=6)55,55, 1023
IF(VU(1)) 1024 ,54,1024 N
IF(ABS(VU(L- 1)/vv(1\ ~1.)=5, E-6)55 55 54*
Ccs) "l.

SN=0.

DO 55 J=1,N

[7(3+~1)1025,57,1025 o
CALL ROTATE(T1,T2,SN,CSN) ;
S(J-1)=8N “
C(J-1)=CSN

D{J=1)=T1*CSN+T2% SN

T1.:(DLAG(T)~ VU(lr:fCSN-ubia-SN
T2=5D(J)

BETA=SD(J) *CSN

D(N)Y-T1

DO 58 J=1,N

LND(J) =9

SMALLD=AMORM

N0 60 J=i N

TFCIND(I) -1 )1026,60,60
LF(ARS(SMATLD)~ABS(D(I)))60,60,1027
SMALLN=D{J) :

e
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CIVENS (continued)

NN=
60 CONTINUL -
IND{NNY =1

TF(NN-1Y1028,53,1028
1028 DO 61 ¥=2 NN
TI=1+1 -
AULI+D,1)=C(11)#PRODS
61 PRODS=- PRODS=SCLL)
53 Aul,1)=PRUDS

FORM MAIR!IN PRODUCT OF ROTATION MATRIX WITH JACOBI VECTOR MATRIX

DO Bk J=1,M
DO 67 K=1,N
67 U(R)=a(K,Z
NO S0 T=1,N
‘A(LL1)=0.
DO 6o K=1,N
66 ALl.,J)=By1,K)*UK)+A(T,J)
100 RETURN
END

SUBROUT {NE ROTATE(A,B,C,D)
E=SQRT (A% A+B%B)

N=A/E

C=8/¢

RETURN

END
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